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More specifically, tt,e invenWn relates to a conta 
.^^.c^^.-ev«ein.e.ra.eainase— ^^^^^ 
„pe comprising an app^priate conUo, circuiUy and an array 

memory cells. • „,rKr,ter but not exclusively, a ferro-electric 

The invention regards, in particular, Dui no 

me.o.deviceof.e-s.c.ed^e,a..^^^^^^^ 
i„.egr^onrequiren«ntso.thenewCMOStecnnolog.s. 

0 " . \ . , of semiconductor material and connected 

a I^OS transistor integrated ,n a substrate « 

.oaferro^lectriccapacnor arranged on top ot^eMOS — ^^^^^^^ 
The MOS transistor comprises a first and a second c 

.erniinaKsourceanddralnregionsMcm^edin— 
„ eleCrode,formedontopofthesubstrateinsK.ean,nsulat,ng 
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important role in the panorama of rnteg,^ ^^^^ 
consump«on,as«e.Ustomeh^hreadanderas,ng 

conventional nonvolatile memones. ^^.^^ ,e„<^lectric 

semteonductor substrate. i„pten«ntationof ferro-eiectrio n.en,onr 

The l(nown processes tor m v ,.^«,bMOS transistor in 

- T.eoontro,elecUoae..onneainsiaet.eins«^^^ 
o„.opott.eins«n.iaver>e,er^le*^--^^^^^^^^^^^^ 

The article "Advanced 0.5 t>m FRAM Dev p^^edings 

20 of IEDM'97, Washington, DC, Dece „,3ets. 

i^p^entlng ferroelectric devioes ^"^ribes the manufaCure o, 

,n particular, the aforesaid a,t,cle descr ^^^.^ 
,ontaotsin,endedtoe.o.rical.conne.*.erro.^^-^^^^^^^^^^^ 
«,.ughcon.actregions.Thecon.actreg,or^a».o-^^^^^^ 
insula«nglaverand«ngthe.w.ha— ve^.^^^^^^ 

This technique, referred to as the W p g ^ 
.„ta<.w.highaspeotratio,nan.lv,ahigh»^^^^^^^ 

no. easy to use when the W-plugs are to undergo, ,n subseq 
heat treatments man oxidizing environment. 



K„o«n as a -volcano- phenomenoa ^ ^ ^ 

,e.u,. 0. the .oration o. WA. and - -ve ^^^^^ ^ 

„^a.:onoven.Si*roons..a^^^^^^^^^ 

..f,„ad«*polys»icon(po|yS.^2^^^^^^^ 
is subjeoted to the treatments necessan^ 

materials. fading with oxygen, is convened 

More specificaiiy, the P°'V-'-". ^^ing to a 

. intos,,icond»*(SiO.,,name.i.o^^^^^^^^^^^ 
process that involves an increase n voi™^ 
lcture.Toso.ethisprohiem,theco2*^^ 
•sealed- Vim barrier layers made of matenais that 

at..e.enseota»ns.erab.-«^;-^^^^^ 

The device descnbed m the ctea ^ j^^, 

..hthe.OSdeviceob.ainedthroughat.ni.m-n,tr,de(™)lay 

'""tropeanpaten.appl.cation.PO«^^^^^^^^ 
- pre^tappiU^ntontaOotobert^M.^^^^^^ 

entirety, dtecloses tomring a -tact t™*^ ^^^^ 
,,,,3T™barr.r.a,erd.os.^^^^^^^^^^^ 
conduction between the tem..nals of the MO 



junctions) and a capacitor overlying the insulating layer. The remaining space is 
filled with silicon dioxide ("oxide plugs"). 

This solution makes it possible to avoid the problem of "volcanoes" 
described previously. 
5 The above solution involves, however, an increase in the contact 

resistance with respect to the stmcture filled with tungsten. Although this drawback 
does not constitute a problem for biasing the capacitor, and hence for the memory 
device, it may impair the perfomiance of the control circuits. 

Even though these solutions are advantageous, the fabrication 
10 process is rendered burdensome by the steps of filling the contact and of 
subsequent planarization or etching of the residual oxide. 

BRIEF SUMMARY OF THE INVENTION 

An enibodiment of the present invention provides a process able to 
avoid the drawbacks described previously, and hence provides a contact structure 
15 for a semiconductor device, in particular of the ferro-electric type, having structural 
and functional characteristics such as to overcome the limitations and drawbacks 
that still afflict the known devices, in particular as regards the contact structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, a preferred 
2 0 embodiment is now described, purely by way of non-limiting example and with 
reference to the attached drawings, wherein: 

- Figure 1 shows a cross-section of a portion of a known ferro-electric 
memory array; 

- Figure 2 shows a cross-section of a ferro-electric memory array 
2 5 comprising the contact structure according to the invention; 

- Figure 3 shows an enlarged detail of Figure 2: and 
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- Figure 4 shows a variant of the contact structure according to the 



invention. 

DETAILED DESCRIPTION OF THE INVENTION 

European patent application No. 00830762.1, filed in the name of the 
5 present applicant and incorporated herein by reference in its entirety, solves the 
problem referred to above by differentiating the use of the oxide plugs and the 
tungsten plugs, according to two possible solutions: 

a) using the oxide plugs for the contact between the source region of 
the MOS transistor and the bottom electrode of the ferro-electric capacitor (in the 

1 0 memory array), and the tungsten plugs for the contact with the drain region of the 
MOS transistor and for all the contacts of the CMOS components of the circuitry: 

b) using the oxide plugs for both the contacts of the terminals of the 
MOS transistor (both between the source region and the bottom electrode of the 
capacitor - in the memory array - and between the drain region and the metal 

1 5 region of the bit line), and the tungsten plugs for all the contacts of the CMOS 
components of the circuitry. 

Figure 2 shows a portion of a memory array 1 of ferro-electric type, 
integrated in a substrate 5 of semiconductor material and comprising some memory 
cells 2. 

20 Each memory cell 2 comprises, in particular, a MOS transistor 3, as 

well as a ferro-electric capacitor 4 connected thereto in series. 

The memory cells 2 of the memory array 1 are. In a known way, 
organized in word lines WL and bit lines BL, each cell 2 being identified uniquely by 
the intersection of a bit line with a word line. 
25 Each MOS transistor 3 is formed in the substrate 5 and comprises 

respective source regions 6A and drain regions 6B, N*-type or P*-type doped. 

In addition, a control-gate electrode 7, formed by a double polysilicon 
and silicide layer, overlies a channel region of the substrate 5, the channel region 
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being comprised between the source region 6A and the drain region 6B, and is 
insulated from the surface of the substrate 5 by a thin oxide layer 8. In this 
configuration, pairs of transistors 3 that are adjacent and belong to the same bit line 
BL have a common drain temriinal 68. 

A first insulating layer 9, for example an oxide doped with boron and 
phosphorus (BPSG), coats the substrate 5. Openings 36 are fomned in the first 
insulating layer 9, above the source region 6A and drain region 6B and 
accbnfimodate respective contacts 10A, 10B. 

The contacts 1 0A, 1 0B are of a conductive material layer 30 
comprising a titanium layer 31 and a titanium-nitride layer 32, arranged on top of 
one another (see Figure 3). The contacts 10A, 10B each comprise a coating portion 
20A, 20B which coats the side walls and the bottom of the opening 36 of the first 
insulating layer 9, and a horizontal portion 21 A, 21 B, which extends on top of the 
first insulating layer 9. The region or volume 35 inside each coating portion 20A, 
20B of the contacts 10A, 10B is empty. 

First and second conductive regions 1 1A, 1 1B, for example of 
platinum, cover the horizontal portions 21 A and 21 B of the contacts 10A, 10B and 
seal the contacts 10A, 10B at the top. The first conductive regions 1 1A fomi a 
bottom plate of the ferro-electric capacitors 4 and extend, at least partially, over the 
control electrode 7 of the transistor 3. 

Each capacitor 4 moreover comprises a fen'o-electric material region 
12 and a top plate 13. The ferro-electric material regions 12 form strips that extend, 
in a direiction perpendicular to the plane of the drawing (as described in Italian 
patent application TO99A000356 filed on 30 April 1999, corresponding to US 
Application No. 09/998,602. which is incorporated herein by reference in its 
entirety), on top of and between pairs of adjacent first conductive regioris 1 1 A that 
belong to two memory cells 2 that do not have the drain region 1 1 B in common. 

The top electrodes 13 are fomned by strips of metal, for example 
platinum, which extend, perpendicularly to the plane of the drawing, on top of the 



6 



ferro-electric material regions 12. In particular, the top electrodes 13 have a smaller 
width than the first conductive regions 11A fomiing the bottom electrodes of the 
ferro-electric capacitors 4, as may be seen in the cross-section of Figure 2. 

On top of the ferro-electric capacitors 4 there extend in succession a 
5 second insulating layer 14, a first metal line 18 (Metal 1), w/hich forms a bit line and 
extends in the horizontal direction of the drawing, a third insulating layer 15, and 
second metal lines 19 (Metal 2), that fomi word lines and extend in a direction 
perpendicular to the plane of the drawing, inside the third insulating layer 15. 
Contact regions 22 extend through the second insulating layer 14, between the first 

10 metal line 1 8 and the second conductive regions 1 1 B, to electrically connect the first 
metal line 18 to the drain regions 6B through the second conductive regions 118 
and the second contacts 108. 

The structure of Figure 2 is obtained in the way described 
hereinbelow. Initially, thick oxide (field oxide) regions 16 are formed in the substrate 

15 5 and define between them conduction areas or active areas of the ferro-electric 
memory device 1. Inside and on top of the active areas, the MOS transistor 3 is 
formed; namely, the thin oxide layer 8, the control-gate electrode 7, and the source 
regions 6A and drain regions 68. In a per se known manner, not described in detail, 
the junctions (P" or N*) of the source regions 6A and drain regions 68 can be 

2 0 possibly separated by oxide spacers. Also, the source and drain regions 6A, 68 are 
subsequently contacted through a contact structure according to an embodiment of 
the invention. 

Next, the first insulating layer 9 is deposited on the substrate 5. In the 
first insulating layer 9, using a contact mask and a subsequent oxide etch, the 
25 openings 36 ai'e made above the source regions 6A and drain regions 68, so as to 
enable access to the substrate 5 through the first insulating layer 9. In one 
embodiment, the openings 36 are about 0.18 - 0.35 microns in width and 0.5 to 1.2 
in diepth. Of course, openings with other dimensions can be employed without 
departing from the invention. 
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Then the contact structure 1 0A, 1 0B is formed by depositing the 
conductive material layer 30. 

In a possible implementation, as a non-limiting example, on top of the 
first insulating layer 9 is deposited the Ti layer 31 , by plasma vapor deposition 
5 (PVD) or using another deposition technique. The PVD technique is non-conformal, 
and thus, deposits the Ti layer 31 more thinly (e.g., 10 nm) on the vertical walls of 
the bpenings 36 compared to the horizontal bottoms (e.g., 35 nm) of the openings. 
The TIN layer 32 is then deposited on the Ti layer by chemical vapor deposition 
(CVD) or using another deposition technique. The CVD technique is conformal, and 
10 thus, the TIN coats the vertical waWs and horizontal bottoms of the openings in 
similar thicknesses and typically thicker than the Ti layer 31 . For example, the Ti 
layer 31 has a thickness of between 10 and 100 nm, preferably 35 nm, and the TIN 
layer 32 has a thickness of between 50 and 200 nm, preferably 100 nm. 

It is possible to fonn a titanium layer alone or a titanium nitride layer 
15 alone, even though it is preferable to have both layers. 

Thereby, the conductive material layer 30 coats in an ainlost conform 
way this side walls and the bottom of the openings 36, forming the contacts 10A, 
10B. 

At this point, the region 35 comprised between the walls of the 

2 0 contacts 1 0A. 1 0B is left empty. 

Next, a conductive layer, for example of platinum, is deposited in a 
noh-confbmial way, such as by PVD. After fomiing the conductive material layer 
30, the openings 36 is much narrower than before, and thus, the conductive layer 
substantially does not succeed to reach the interiors of the openings 36. The 

25 conductive layer rapidly grows on the edges of the openings 36 so as to rapidly 
throttle or close the openings 36 and leave the empty regions 35. The conductive 
layer is shaped, together with the conductive material layer 30, so as to form 
simultaneously the horizontal portions 21 A and 21 B of the contacts 10A, 10B and 
the first and second conductive regions 1 1 A, 1 1 B. 



From experimental tests it has been noted that the conductive layer 
that is to form the first and second conductive regions 1 1 A, 1 1 B seals the contacts 
10A, 10B at the top, maintaining a sufficient planarization. It is, anyhow, preferable 
that the width of the empty region 35 be similar to (or slightly greater than) the width 
5 of the conductive material layer 30. Conduction between the N*. P* junctions 

forming the source regions 6A and the drain regions 68 of the MOS transistor 3 and 
the conductive layer that is to form the first and second conductive regions 1 1 A, 
118 is thus ensured by the Ti/TiN conductive material layer 30, which, from the 
substrate 5, following the profile of the openings 36, reaches as far as the top 

10 surface of the first insulating layer 9. 

Finally, the ferro-electric capacitor 4 is formed according to the 
process steps known in the current technology and described in Italian patent 
application TO99A000356 filed on 30 April 1999, referred to previously. 

The contact structure 10A, 108 described above solves the above 

1 5 discussed problems of the known structures. In addition, the elimination of process 
steps, such as tungsten deposition, which take place in presence of hydrogen, is 
advantageous from the standpoint of the quality of the ferro-electric material, in so 
far as the latter is degraded by hydrogen. 

Finally, it is clear that modifications and variations may be made to the 

20 device and the fabrication process described and illustrated herein, without thereby 
departing from the scope of the present invention, as defined in the attached claims. 
In particular, it is emphasized that the described contact structure can be used In 
any electronic device wherein it is necessary to electrically connect a first 
conductive region, wherever this is formed (either embedded in the substrate or 

25 surrounded by insulating layers on top of the substrate) with a second conductive 
region (for example, a metal region) arranged at a different level. In particular, the 
invention can be applied also to regions connecting successive metal layers, as 
shown by way of example in Figure 4, for a contact structure 40 formed between a 
first metal line 41 and a second metal line 42. 



9 



All of the above U.S. patents, U.S. patent application publications, 
U.S. patent applications, foreign patents, foreign patent applications and non-patent 
publications referred to in this specification and/or listed in the Application Data 
Sheet, arie incorporated herein by reference, in their entirety. 
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